Rising income inequality has become a major concern for policymakers and academic researchers. Very high levels of income inequality may result in serious social, political, and economic problems. In this paper, I analyze the trend of Gini index, which is the most commonly used measure for income inequality, to see if the current trend is sustainable in the long run for OECD and major non-OECD countries. Specifically, I use autoregressive time series models to test the sustainability of income inequality. I first analyze the Gini index to see if the time series is stationary and has a steady-state value below 1. If the series has a unit root, I take the first difference and check if the first difference is stationary and has a 0 or negative steady-state value. Results show that while many countries show signs of sustainability, there are a few countries that do not.
Introduction
Rising income inequality has become a major concern for policymakers, economists, and other social scientists. According to the World Inequality Report 2018 [1] , the top 10% earners' share in the total national income in 2016 was 47% in US-Canada, 41% in China, and 37% in Europe. These figures have increased remarkably except for Europe. The increase in the top 1% earners' share is more remarkable. In 1980, the share of the top 1% earners in national total income was about 11% in the United States; but in 2016, it was about 20% [1] . In contrast, the share of the bottom 50% earners in the United States was about 20% in 1980; but it is only about 13% in 2016 (Wealth is more concentrated at the top. In the United States, for example, the share of the top 1% wealth holders has increased from 22% in 1980 to 39% in 2014 [1] . In this paper, I focus on income inequality.).
The current trend of rising income inequality has put income distribution back in the major topic of economic research [2] . In the 1950s, Kuznets [3, 4] predicted that as the economy grows, inequality will first rise in the early stage of industrialization and then eventually fall as the benefit of economic growth spreads more evenly to many people. Since then, the focus of economic research has shifted to the study of economic growth and business cycles. Unlike the prediction of Kuznets, the level of income inequality has not fallen back despite the rapid economic growth in the second half of the 20th century. Instead, it is continuously rising and has become a major social and political problem. Reflecting this trend, it is very natural that income distribution has gained the interest of academic researchers again. There has been a number of studies estimating the level of income inequality, especially since the pioneering work of Piketty and Saez [5] , and studying causes and consequences of the rising income inequality [6, 7] .
Not only is rising income inequality a social and political problem, but it is also an economic problem. Conventional wisdom in economic theory tells that there is a trade-off between efficiency and equity [8] . In the current context, there is a trade-off between economic growth and income inequality. Inequality in rewards motivates people to work harder, invest more, innovate, and take risks, which are all helpful for economic growth. The efforts of governments to reduce the gap between government to take corrective actions. According to a well-known political economy model, rising income inequality makes the median voter (the median income earner) poorer relative to the mean income and, therefore, induces the median voter to voter for a higher tax rate [21] . Furthermore, very high levels of income inequality undermine domestic demand, because very rich people have a low propensity to consume and there will not be sufficient demand to pull the economy [22] .
In this paper, I study the sustainability of income inequality. I use the Gini index, which is the most commonly used measure for income inequality, in my analysis. The Gini index ranges from 0 (complete equality) to 1 (complete inequality) and is based on the Lorenz curve that represents the cumulative distribution of income, i.e., the share of the total income earned by the bottom x (some share) of the population. The Gini index is defined as the ratio A A + B
in Figure 1 [23] . If everyone has the same income, the Lorenz curve is the same as the 45 degree line, the area of A is zero, and the area of B is the entire triangle. In this case, the Gini index is zero. If one person has all the income, the Lorenz curve coincides with the horizontal axis for x < 1 and it is 1 at x = 1. Therefore, the area of A is the entire triangle and the area of B becomes zero. In this case, the Gini index becomes one. Using the Gini index, I analyze the trend of income inequality to see if the current trend is sustainable in the long run for each of 36 OECD member countries and major non-OECD countries (Brazil, China, and Russia). Specifically, I use autoregressive time series analysis to check if the Gini coefficient series is stationary and converging to a value less than 1. If the Gini coeffcient has a unit root, I take the first difference of the Gini coefficient and see if the first difference is stationary and converging to 0 or a negative value. Time series analysis has been used to test, for example, the sustainability of fiscal policy ( [24] [25] [26] ), but, to the best of my knowledge, this is the first attempt to analyze the sustainability of income inequality using these statistical methods.
The rest of this paper is organized as follows. Section 2 explains the data used in the analysis and shows summary statistics. Section 3 explains empirical methodology and shows the results. Section 4 concludes the paper with a summary of the result and directions for future research.
Data and Summary Statistics
For empirical analyses, I use data from the Standardized World Income Inequality Database (SWIID) ( [27] ). The SWIID incorporates data from various sources including OECD, World Bank, Eurostat, United Nations, national statistical offices, and academic research to increase the comparability of income inequality statistics for a larger set of countries and a longer period of time than existing data sets. The Luxembourg Income Study (LIS) is served as the standard when computing the statistics. Currently, the SWIID covers 196 countries and as many years as possible from 1960 for each country. In this study, I use two indices-market income and disposable income Gini coefficients. Both measures are estimated using equivalized (square root scale) household income (In the SWIID dataset, the Gini estimates (and associated uncertainty) are represented by 100 draws from the posterior distribution. I use the mean of the 100 draws as the Gini coefficient for the country in the year.). Table 1 shows the basic statistics for 36 OECD countries and 3 non-OECD major countries (Brazil, China, and Russia) that are comparable to OECD countries in the size of the economy. Specifically, it reports the first and latest years of data, the Gini coefficients for market income and disposable income in 2015 (2015 is the latest year in which there is no missing entry for every country in the sample) and the difference between the two for each country. The data cover years as far back as 1960 (Germany, Sweden, and Brazil) and as recent as 2018 (United Kingdom). The Gini coefficient for market income ranges from 0.339 (Korea) to 0.537 (Brazil). The Gini coefficient for disposable income ranges from 0.245 (Slovak Republic) to 0.451 (Mexico and Brazil). The difference between them, which is mainly the effect of the government's fiscal policy, ranges from 0.018 (Mexico) to 0.241 (Sweden). While there is no distinctive pattern in the Gini coefficient of market income, there are some patterns in the Gini coefficient of disposable income and the difference between the two Gini coefficients. First, those with a low value of the Gini coefficient of disposable income are mostly European countries. Second, those with a large difference between the two Gini coefficients, which is a result of government's redistribution policies, are also mostly European countries. Those with a small difference between the two are mainly countries in Latin America and Asia. Many European countries, in which market income is more equally distributed, have more generous welfare policies making disposable income even more equally distributed. In a sense, equality multiplies itself [28] . Figures 2 and 3 , which are drawn using the data described above, show the evolution of the Gini coefficients for four countries: The largest economy in North America (United States); in Europe (Germany); in Scandinavia (Sweden) (Scandinavia is a part of Europe, but countries in Scandinavia are known for relatively equal distribution of income and generous welfare systems, so I include one countries from the area); and in Asia (China). The first figure is the Gini coefficient of market income and the second figure is that of disposable income. In the first figure, we see that the Gini coefficients in Germany and Sweden were decreasing until the early 1970s (Germany) and early 1980s (Sweden) and then began to increase, while that in the United States is continuouly rising. Although the absolute level of market income Gini coefficient is lower in China, it increases very fast. In the second figure, we see a similar pattern for disposable income inequality. The Gini coefficient of disposable income was initially decreasing and then began to rise in the early 1980s in Germany and Sweden, while it continuously rises in the United States. The Gini coefficient was rising very fast in China until the global financial crisis, since then, it has been decreasing, although there has been a revival in very recent years. From the two figures above, we see that different countries have a difference level of the Gini coefficient and a different trend. So, in the next section, I analyze the trend of the income inequality for each of the 36 OECD countries and 3 non-OECD major countries (Brazil, China, and Russia).
Empirical Methodology and Results
In this section, I show the results from autoregressive time series analysis. The current value of a time series variable may depend on the past, or lagged values of the same variable. In general, an autoregressive model of order p (i.e., AR(p) model) is defined as the following equation:
where α 0 is a constant and t is assumed to be white noise. A critical question in this model is how many lags we should include in the estimation. Before I present a formal test of determining the number of lags, i.e., the value of p, I show the results of AR(5) models for several countries in Table 2 . For each country, I run two regressions-one with market income Gini coefficients and the other with disposable income Gini coefficients. We can see that in most of the cases, only the value of the immediate past (y t−1 ) is statistically significant. Table 2 . Autoregressive models of order 5 (AR (5)). The lag length in autoregressive models is usually determined by two criteria: the Akaike information criterion (AIC) and the Bayesian information criterion (BIC). There are both advantages and disadvantages from adding additional lagged variables. The advantage is that the model has better explanatory power, in other words, it reduces the sum of squared residuals (SSR). The disadvantage is that adding more lagged variables increases uncertainty in the estimation of parameters. AIC and BIC balance these two opposing forces and we select the number of lags which minimize the AIC or the BIC. Specifically, definitions of the AIC and the BIC are as follows [29] :
United States
where T is the total number of periods and p is the number of lags included in the model. Table 3 shows the test results for the United States. The first four columns are results from the analysis using the entire period and the last four columns are results from the analysis using periods since 1990. In each case, I test the market income Gini coefficient and the disposable income Gini coefficient separately. We see that in all cases, the AR(1) model has the lowest AIC and BIC. The same results hold for most of the other countries as well. So, in the main analysis, I use AR(1) models for each country. Specifically, I run the following regressions:
where y t is a Gini coefficient in year t. I assume that the error term is a white noise with mean of zero and variance σ 2 , i.e., t ∼ W N(0, σ 2 ). Before presenting the main results, there are a couple of concerns. First, I check whether there is a high degree of serial correlation in the AR(1) error terms. Table 4 shows the autocorrelation of the residuals after running the AR(1) model for the United States. I run two separate regression-one for market income and the other for disposable income Gini coefficients. In both cases, the autocorrelation of the residuals is not high. So, the degree of serial correlation in the error term is not likely to be very high. A more serious concern is the existence of a unit root. In the above equation, the absolute value of α 1 should be less than 1 for the process to be stable. If the process has a unit root, which occurs when α 1 is equal to 1, the process is not stationary (If it is larger than 1, the path will be explosive and, therefore, not stationary. If α 1 is equal to 1 in the AR(1) process, it is called a random walk. (with or without a drift depending on whether there is a constant term α 0 .)). When an autoregressive model has a unit root, there exists a stochastic trend. The current value has a permanent effect on the future values and this effect makes forecasting very difficult. Moreover, when there is a unit root, t-values from the OLS regressions have a nonstandard distributions, making inference very difficult [29] . So, it is important to check whether a time series has a unit root, and if so, one should make the series stationary by taking first differences. Table 5 shows autocorrelation and partial autocorrelation of the Gini coefficients for the United States. For a stationary process, the autocorrelation usually disappears quickly, but not for a non-stationary process. In the table, we see that the autocorrelation persists very long for both market income and disposable income Gini coefficients. This implies that there may be a unit root in the processes. So, in the main analysis, I first test whether there is a unit root for each country and if so, I run the AR(1) model using first differences for that country. In AR(1) models (y t = α 0 + α 1 · y t−1 + t ), we can see whether the variable converges to a finite value in the long run. Specifically, If we add recursively, with y 0 given, we can see that
With 0 < α 1 < 1, the expectation of y t converges to α 0 1−α 1 in the limit as t −→ ∞, but if α > 1, it diverges. I run the AR(1) regression for each of the OECD countries and a few non-OECD major countries (Brazil, China, and Russia). I first run the regression for the entire period in the data. Then, to have more comparable and relevant results, I also run the regression using more recent data (since 1990). I run the same regression separately for market income and disposable income Gini coefficients. I first check whether there is a unit root using the augmented Dicky-Fuller test [30] . In the AR(1) process (y t = α 0 + α 1 · y t−1 + t ), there is a unit root if α 1 is equal to 1. Then, the process has a stochastic trend and a shock has a permanent impact on the series. If α 1 is larger than 1, the process has an explosive trajectory. For the series to be stationary and for the inference to make sense, the process should have a nonexplosive trajectory. This occurs when α 1 is less than 1. So, the null hypothesis of the unit root test is H 0 : α 1 = 1 and the alternative hypothesis is H 1 : α 1 < 1 (In a Dickey-Fuller test, we subtract y t−1 from both sides of the equation (so the new equation becomes y t = α 0 + β · y t−1 + t , where β = α 1 − 1) and test whether the coefficient (β = α 1 − 1) is equal to 0 or less than 0.). If the series does not have a unit root, I calculate the long-run convergent value of the series ( α 0 1−α 1 ). If the long-run value is less than 1, I call the series sustainable. Table 6 shows the results from the regressions with market income Gini coefficients. We can see that while there are countries in which the income is stationary and the long-run steady-state value is less than 1, there are many other countries in which the Gini coefficient has a unit root and, therefore, is not stationary. People (and families) pay taxes and receive transfers depending on their economic circumstances. So, what actually matters is not market income but disposable income, which is market income minus net taxes (taxes minus transfers). As we see in the basic statistics table, the disposable income Gini coefficient differs greatly from the market income Gini coefficient in some countries (such as Sweden and Hungary), but the difference is negligible in other countries (such as Mexico and Korea). Table 7 shows the results from the regressions with disposable income Gini coefficients. Where there are countries that show signs of sustainability in both market income and disposable income Gini coefficients, there are some countries showing signs of sustainability only in one of them. In both cases (market income and disposable income), the number of countries with unsustainable income inequality is reduced when we restrict the sample to more recent periods. It could be that while the absolute level of income inequality is still increasing, the speed of increase is reduced due to the market's self-correcting mechanism or the government's efforts. It could also be that when we reduce the sample period, the period after the global financial crisis, during which income inequality has been reducing or increasing at a lower rate, takes a larger portion of the sample. In any case, it requires further analysis in the future.
In many countries, there is a unit root in the AR(1) process for the Gini coefficient. The standard remedy is to take first differences on the original data to make the process stationary. Table 8 shows autocorrelation of the first differences in the Gini coefficient. Unlike the autocorrelation in the Gini coefficient, the autocorrelation disappears quickly for the first differences in the Gini coefficient. So, it seems very probable that the AR(1) process for the first differences in the Gini coefficient does not have a unit root. For those countries that have a unit root in the AR(1) process for the Gini coefficient, I run the following regression of the first differences:
where y t is a Gini coefficient in year t and y t = y t − y t−1 . The assumptions about the error term are the same as in the AR(1) process for the Gini coefficient. Before the main analysis, I show, in Table 9 , the residuals after running the regression for the United States. We can see from the table that residuals are not serially correlated. So, the degree of serial correlation in the error term is not likely to be high. In this analysis, for the first differences in the Gini coefficient, I use a different criterion for sustainability. If the process is stationary and the value of α 0 is 0 or negative, the long-run steady-state value of y will be 0 or negative so that the Gini coefficient does not continuously increase. Therefore, it is probable that those countries have a sustainable trend of income inequality. Tables 10 and 11 show the result-one for market income and the other for disposable income Gini coefficients. Now, there are many countries for which the AR(1) process for the Gini coefficient has a unit root but for the first difference is stationary and have a negative or statistically insignificant constant (α 0 ). Still, there are countries in which the first difference has a unit root. In the analysis of the first differences in the Gini coefficient of disposable income (entire period), for example, Korea has a unit root. For the countries that have a unit root in the first difference of the Gini coefficient, not only their Gini coefficients but also the first differences of them are nonstationary. The first differences have a stochastic trend and are explosive. So, income inequality in these countries are very unlikely to be stable. There are also countries (e.g., the United States) that do not have a unit root in the first difference but the value of α 0 is positive and statistically significant. In such countries, the first difference in the Gini coefficient is positive, which means that the Gini coefficient is continuously rising. This could be a sign of unsustainable income inequality. · · · · Note: ***, **, and * represent the statistical significance at the 1%, 5%, and 10%, respectively. Counties marked with "·" are the ones in which the Gini coefficient does not have a unit root in the previous analysis. Table 11 . AR(1) results of the first difference in the Gini coefficients (disposable income).
Entire Period Since 1990
Country Unit Root? α 0 Unit Root? α 0
In addition to between-country comparisons, such within-country comparison may give important implications on the trend of income inequality and associated policy issues. Rising income inequality is a major concern for researchers and policymakers. If it reaches a very high level, i.e., a small portion of people (or households) earns most of the national income, it is very likely that political and economic systems collapse and it may result in major turmoils. So, we should check if the current trend is sustainable and, if not, we should take corrective actions.
In this study, I analyze the Gini index for 39 countries. However, there are now many studies estimating other measures of income inequality, for example, top income shares. Future research can analyze the sustainability of income inequality using, for example, the trend of top 10%, 1%, or 0.1% shares. Also, in the introduction, I mention a few factors responsible for rising income inequality. To predict the future trend of income inequality, one may need to predict the future trend of each of the factors affecting income inequality.
The criteria for sustainability used in this paper may seem rather arbitrary. It will be a natural and important next step to develop more rigorous criteria for the sustainability of income inequality. Furthermore, income itself may not be the most important thing that determines individuals' well-being. There are alternative measures such as happiness index [31] . It will be interesting, for example, to analyze the trend of happiness index and to see if there is any difference between countries or within the same country in different time periods. These are all very interesting and important research topics.
